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(57) Abstract: It is intended to provide a method whereby the ability of a microorganism occurring in an environment contami- 
nated with tetrachloroethylene (PCE) or trichloroethylene (TCE) to degrading a contaminant can be quickly judged. A method of 
judging a biological activity which comprises detecting a bacterium in a contaminated environment having an activity of degrading 
an organochlorine compound and/or a dechlorinated product thereof by using a DNA enabling the detection of such a bacterium 
specifically and thus judging the ability of the environment to remove the organochlorine compound. It is also intended to provide a 
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novel polynucleotide which is usable as the DNA probe in the above method of judging a biological activity. 
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m m m 

[oooi] ^4^^4^—^3iy^b<D^^^\m^SkRmtiKm^^ 
Steffi 

[0003] ^ttfssfiu, Mm4k¥ft%mt&Mmftmb&&\ftbtiz>i!>K i&m 

[0004] /^t^f^- ^^O^tCH:, ^$tvfc±a^T7K^5u5(5^m-r^ 

3>-:^Jx.{i, #PB2003-154332-5§-4^&)£tfSfc5„ TCEfc^ffe^fcifiT*^ 
[0005] /W^x- i/a>-£3Sffli-5&;ifcfc*9. ^©i^JfelWi&S^^X^r^V' 
**VCV ^ ($|;Li^ #M2000-079000-^^) „ 
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[0006] -t^O, r± % f^ooxfi/y (PCE) ^y^nnxfi/y (TCE) 

[0007] BfflE @ fcl, *|SW©S«£©^«»fiH4iW^fet4, PCE&OTC 

t&m^fctfrfe^^yT^iiffE^^ 

ftrfBDNA^n— zfte^ «§K<^y^V^K^&3Tte(l) — (4)<D^ 

(i)ge?ij#^i— i7^i^wij#^-i9— io5(Dv^^^^ssa^ij^^^§^y^ 

<{*#AP$tLfc^@S^J^^^* 0 y^^u^K-efeoT, tfjfE (1) <DrtV?i?ujr<7- 

<{*#ip$tt/c^ga^ij/5^^§^y^^v^K-efeo-r, itufa(i) o^y^^w^ 

K^<7)+eiwitt^9o%^_h-e^^y^^w^Ko 

(4) ifrtE ( i ) - (3) <d\ ^fifr(Dm%?\/^ytm^W£MMumfrht£^v% 
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A:^>M3^l:°y/k^ -^/V^-^f^-^y^y^ ( Dehalospirillum multivorans ) 
B:'f^V'7^Y^ : T y )^J^ 77t°^P ( Desulfitobacterium frappieri) 
C : T^/Wir^U-;* Sm-1 (nK^^^ sp. Sm-1) 

( Actinomvcetales Sm-1 ( Rhodococcus sp. Sm-1)) 
DinK^^T, oK^y^^. ( Rhodococcus rhodococcus) 
E:^r^-^W^^— ~7ys<^ ( Xanthobacter flavus) 
Fl^zi/^fTWJ* LI (Mycobacterium LI) 

(Desulfomicrobium norvegicum (Desulfovibrio baculatus) ) 
H:^>>/K7Vr-/^^yr>.A *f /^nf-j-yT, ( Desulfitobacterium dehalogenans ) 
I : T^S^^W^TWJ* /sy-^y^ (Desulfitobacterium hafhiense) 
j^a^r-yi/r^i^ y^-/^=iT± : f-^JJ^ ( Clostridium formicoaceticum ) 
Kir^/^P/^ ynn^T^-^J ( Desulfuromonas chloroethenica ) 
L:Tirh^^y^ vv"f4 DSM 1030 

( Acetobacterium woodii DSM 1030) 
Mr'fvNn/^^— \sy\J)<75'7. ( Dehalobacter restrictus ) 
N:^VK7^r-y^^yr^ sp. PCE1 

( Desulfitobacterium sp. strain PCE1) 

o-.^f^jvy^w^TWJ* yyyf^j) tcei 

( Desulfitobacterium frappieri TCEI) 
P:T±W<^TVv^ VvfA DSM 2396 

( Acetobacterium woodii DSM 2396) 
Q : y^vy^r^^/V ^KvW DCB-1 ( Desulfomonile tiediei DCB-l) 
RiXAnn^n-YxT, ^.^7^/01^^195 (Dehalococcoides ethenogenes 195) 

[ooo8] ^mm^-hi-i. pcE^TCRm<Diim^mik&mz£&mi&mm<D^4*^^ 
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mm^Tvrth^^o )<D&MjjmK^x^ mMm%^m.utz. 0 
[ooo9] mmA—Kco^TVT^mir^/j^tDm^xh^iTsmm^m 
ie^ij(@a^j#^-i— 18)^^ ^n^ntD^TVTx&m^&y. ~<Dm.mmmz 

o 

[0010] ££>f^ #3£W#£>fci:, JffSfc&fifcu 18®^(DttrfEA— R(D^^^yT<D^r^-€^ 

^Nfttttl^5#M^*tSia^ (ia^ij#-^i9-i 15) £#j£U ^mw^Jii 

[0011] fij fBITSfti^^ s*?TVT'?SJ>><D16SV&'S~- -^/VDNAi:23S!J^V— e/VD 
NA^(DF B 1(D^^^tt^fJ^ (Internal Trancscribed Spacer) (D~^-e$>5o /£4o, ft) 
fEA-QcD^^^yTOITSfJ^O^ga^K^^^, IB?IJ#^-1-17) « 

[0012] ^^^^^^^^^^^*Pig/^^yT^, DNA7"0' — 

[0013] pcwftMfe, m-%^wxnmmx^b^x.htix\ ^„ a^. i«£ 
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Q50cm&TtiMMMrt2bZ>b3$%.t>tlX\/^Z>o Ut&oX, PCE^^^N t& 

[ooi4] [mnigi^ mnMifctert%uNA^?vTu^K£%&mffi&$:^irmx&z> 0 

[®2A]|2|2AJ3\ ^^^!l2fcl*3ft§DNA^^nTW©^=3r^^^^^i-^*-e 

W^&^-ry^yxfoZo 
<fc<5 0 

[0015] ^Mo^^^js^ic^v^tfew^^-rs^^yTtt, ^mtsm^-a- 
m^i-^t^hthx^^mmA—R(Di8mm(D^^jT^immx^2mm^±^ 



[0016] BijfBA^^Q(Z)/^^^yT«, J^T^^i-^»^^#^P-efe6ATCCX«DS 
A:DSM 12446 B:DSM 13498 C:ATCC 51239 
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D:ATCC 21197 E:DSM 10330 F:DSM 6695 
G:DSM 1741 H:DSM 9161 I:DSM 10644 
J:ATCC 27076 K:DSM 12431 L:DSM 1030 
M:DSM 9455 N:DSM 10344 0:DSM 12704 
P:DSM 2396 Q:ATCC 49306 
[0017] PCEfi. ffl,m.mik£tl, TCE, ^nnxfvy (DCE) „ \f —/Vpxiy^Y (VC) b 

Mm$&$:mir 0 tuiEA-R^^^^y T<DPCEm$wmmitm izttirztmmm* 

[ooi8] mm^i^ mm, i.Rxipco^<thim(Dy<^vT^m 

misthtzM&fe. mmmm&, pcE&TCEicftMir&^^m\±&^ir%bm'Mx% 

v?^nn^^-i/^(cisDCE) KftM1r%^feV£$:mir%bmfeX%, itfffBB, I. H. 
N, ORXfQ<D<pf£<bhl®<V^?TVTfrmiti£tltcm-£-n, PCE&OTCE^cis 

ts, pcERmcE&DCEicftMir%^mm&&mirz>bmmx*%^ mm^Tvr 

RfrmititStltlM&te. PCE, TCE, DCEAXJ^VC^^K^mir^m^^ 

^-fzbmfex^^ mmc, uRTfE<D4?f3:<bhim<v/<?TyTt)mtti£titim& 
ra\ ncERxwc%r.mikfcmfcftMir%^Mm&&mir%bmmx*%, mm^ 
^vTF^mm^tifcm^i^vc^r.mit^m^mir^mm^^ir^bm& 

[0019] ^p^^^^^tt^tj^^^^^its^^^yTo^m^?*^, m^fwa^^ 

T^#MW^DNA^°a-^l^ft)fE^-^Vh^^^y^VX$^:§X@^^ti'o 
[0020] «§Wi-:|3l>-C, tfrfEDNA^n— :/f2, ^ffi^il/^^yT(DITSfJiifcS5f$T 
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[0021] BM£MQ<D})^'—~ ^/VRNA(rRNA)-Cfe§16SrRNA > 23SrRNA&tF5SrR 
NAte, loO^^^^(^n^)^LT^^$tt^fc^, 16SrRNAitfs^^ 

23SrRNAite^^PS9^oT^VA_h^gag$tV-CV ^ Q ^<D16SrRNAjtfc^£ 
23SrKNAMfc^t<D?$<D^i&&, 16S-23S Internal Transcribed Spacer (ITS) b 

ti, mtm^ifrh^&fe-mu 'oiTs^(D^y^^w^K-e^«\ Miba 

, BiffB/^^^yTR(D^V^^IS^J«, 3— ^±(DDr. Zinderft^£«9ga^J$:^£ 

tbf^co-e^^o HfjfB^^^^yTR(DiTsfj^(D^is^j(ie^j#-^i8)t>, tftiB^ 

^yTR^#M^-e*>S/cfe, ti]fB^^^yTR(Z)ITSfJ«^S>fei-§DNA7 0 n— ^ 

tfrfBiTffi^A-Q^^^yr^iTsfji^^s^i-^DNA^n— ■j'b&lftmir 

flit, m^A^hR(D18m^X(D^TVT^m^^— #l(DDNAyi3— ^i:^ 
[0023] itffSEA— RCD^^^yT^Wi-^DNA^n— :/£LTtt, jtufBlTSgB^ffcJ;?) 

, #^$ijk£*i^v^ mxj&. lom.m^hmmrsnm^w-x^. 40-80^ 
[0024] iff! BA-R(D/^^^y r ^ m-r?>DNA7 o n — zft\^x®im -e^OTstti^ mm<D 

[0025] irtefrlb, Wm^TVTA^tHir^NA^ti—ytVX, gB?lJ#^-19— 25<D 

mmmm^n^v^u^v^mmx^.mm^TVTB^tiiir^uNAyti 
— ^i:L-c. ga?ij#^-26-30(D^ga^j^ti>^y^^u^K^^ffi-e^, tuts 
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SDNAT'n — zffLX^ @B^iJ#-^41— 45(D^mnm^^V^^^^^.m 
Hi]fB/^^yTF^t±ii-§DNA7 0 n— zfhLX. ffi^J#^-46~ 48(D^BB 

^ij^tp^y^^w^K^^-e^r, tfrfB^^^yTG^mi-?)DNA7 0 ci— 
is^ij#^-49-53(D^s@a^j^tf^y^^w^K^^-e#, ittmB^^yr 

H^ttl1"'SDNA7 9 n — 7*iLT^ @a^iJ#^-54— 57(Dmmn^\&^t?tfV^?^ 
^•K^ffl-et, tfrfB^^^yTI^mi-§DNA7°n— ^^LT, IB?iJ#^-58— 62 

(D^sia^j^ti'^y^^^^K^^ffl-e^, ttftB^^yTj^m-r^DNA 

7°P w -7' t iL"C, |E^lJ#^-63— 68(D^IB?lJ^tP*°y^^W^-^K^^ffl-e#, ft) 
fB/^^yTK^fti-£DNA:/ti— ^i!bT, ia^lJ#-^-69— 74(D^KIB^lJ^ 

tp^y^^u^K^^-e^r, mrfE^^^yTL^mi-§DNA7 0 n-y^L-r, @e 
^ij#-^75-79(D^@a^j^ti>* 0 y^^^^K^^ffi-e^. itfrfB^^yTM&r 

^tij^^DNA^o — 7iL"t, IS^lJ#^-80-86(D^Sia^J^'a-tP^y^^^^-K 
mjfB^^^yTN^mi-^DNA^n— :/£l7T, IE^lJ#^-87— 91(D 
^IB^J^-a-tf^y^^w^-^-K^ffi-trt, ffffB^^^yTO^t±ii-§DNA^ 0 n 

— ^tb-r. ia^j#^-92-96(Di&ssa?iJ^ti>^y^^w^K^^-et:, mm 

/^Ty7P^tlit5DNA7°D-7iLt, ia^lJ#^-97— 99(DmSga?lJ^tP^ 

y^^^K^ffi-e^, tiffB^^^yTQ^m-f-^'fe^DNA^ci— zftvx^ 

IE^iJ#-^100-105(Z)^@B^J^'a-tf* o y^i/^K^^-e^, mm^Tvr 

[oo26] ±^Lfcia»-^-i-ii5(D^sia^j^^^^y^^v^K«, n@^ibi£c{@<D 

*»M©DNA^n-^l4, TfB(l)-(4)(DV^^^^y^W^K^tf^n 
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(3) tfriB(i)^y^^^K^sia^j^i{i^^M^s^, grntb 
<{*#*p$tLfc^SE^j^^^^y^^^^-K-efeoT, huSE(i) (D^y^i/^ 
K^^mtt^9o%j^±-e^^y^^i/^Ko 

(4) tfrfE (i) — (3) (dv ^nfr<Dy$y^?\/^vbm^W£^^umfrht£^y^ 

[oo27] ^-e, mm>i^<tettM>vjmfj:ikmmbvx^ m*-t£. 4o^mm\^x 

XhV>i?^hft^WTX*s^^})^^1rZ)b^ 2o<DDNAK4t/^Sambrook Jib 

^*'fX*f~§^l^ ; ^r^5fe"f~§ (Expression of cloned genes in E. coli (Molecular 
Cloning: A laboratory manual (1989)) Cold Spring harbor Laboratory Press, 
New York, USA, 9. 47-9. 62^mi.45-11.61) 0 J^^ft^-te, Tmft<Z)± 10 

°c%mmtL-x^4-?y?4i£— (m«^2.o x ssc, 5o°o *n ^ 

J^_h-efc«9, i«90*L<^, 97. 5%£t±.X&% 0 
[0028] tiffBDNA7 0 a-^^^^y^Vif-^3^$^S^-^^h^Mi-Sfcfe(DMe 

^mmj7mi^mmMMxh^<^vr(DiTs$Mm^mmx^^mxhnm 
imim^n^^, mx.&, pcRmm^^^^.b^x^^ 0 ^h^^i-sdna 

%iTsmi$c&mmx%% 0 

[0029] mx.it, ffrfEA— Q(D^?"TVT<DITSmi&fe. Mx.!^ ir^^-T^— bVXm 
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J3\ ffrlB^— yybSrfl5i-r5fe«)©»^Ji#Bl^l^ ^M-, flftfB*— ^yHSrS 
[0031] ^^(D^^^^J^^^^^m^irbT^, #fcf&|&&h/*\ fllfctf, PC 

mmmn&pzm^ mm*—y*yh<Dmmbf£%mm&mmirz>jTmi-±. m-mm 
bi>*-T*%z> 0 imbrue m*.t£. dna^j:<, RNA-et«tv\ 



WO 2005/080600 



11 



PCT/JP2005/003175 



[0033] ^^tfVW^W^V^— ^BXD^m^ ^(Dm^MMtVX, PCEXOTCE 

[0034] ^0j!(D/^^yT(D^m^m^, «0J!^»^tt^J^&-e'Kffi-e^^m 

gtt^ot, ^mm<Dr>NA-7v— -?&^t?mw:x&z> 0 ^B^^^mig©^, 

[0035] *^K©DNA^^o7Ktt, ^0j!»^^?Stt¥lJ^ife^ftffl'e#§DNA 
^|g^£tK 2TO±(DtfffB^^^yT^^ffi-e^5DNA-^^nTW-efc§^^ 

$*ffl-e#, ttflES«_h^ ©DNA7°n- :/<D@^}fete, #^T»£;h/f , 
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[oo36] *mw<D&M*iyhn, ttm<D±mmwwM&mz&m'v%Z'*?Ti)T&tiim 

ir%titf)<D^yhXfooX, ^^(DDNAyn- tfflEDNA^n— ^^MV'y 

^&^yhxfo% 0 mmmB^mmm^94^-tvxn, m%.t£. ±^^94^— 

-fv-iLTJi, E^##117AtJ«/XH:118Srg'tf#y5?^V'^K^ft)tf?>H5o 

^y^-i?\ ^u^vm&&ifhti%o ^mm^ta^yu^ Closer. * 

[0037] ^ISK^y^W^m, ^BJ(D^^tt^JS^^*5V^-CtfrfBA-Q(D 

^^yr^mi-sDNA^n— yt\^xmm^im^mm^v^^^xh^ 

o 

(2) tfrfE(i)<D*°y^i/^Ko^ss^j(Difi^^M^*^, ^2c, iitL 

^mntsthfc^mmfrbtezm^y-u^Fxh^x, mma) o^y^^^ 
K^ffiW^^ssa^j^^^^^y^^v^K^hy^^^h^^^v^^y^v 
x-r^^y^^^^Ko 

(3) ffrfE(i)(Z)^y^^ix^K^^Sls^Joi{id^#:^l(7)^S^, 
<«#*p$^i^M?iJ^^^§^y^^^^-K-efeoT, mrfB (1) <Dtf?y^i/^ 
K^<D+gintt^9o%j^_h-e^^y^^w^Ko 

(4) ffrtE (1) - (3) »v ^-f ^^^y^^^^K^tsM^^xie^ij^^^^y^ 
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[oo38] utk. *mw<DmmmK^^xm.wir% 0 
mmm i 

[0039] (l8MM<Ds<^VT&mmc&m"fifeter>NA7°ri-- /K/DNAW^nTW 
1. DNA7"n — y*<D\^Mi 

tilfBA— R<D^TVT<DITSm^l(^:ti^:th, IE?IJ#^1 — 18) AOMMfrh 
^S^SBB^lJ^'XifV^b, DNA^M^nTW^DNA^n— y*bVtc 0 ffffEDNA 

y'u—y^T^^, 4omm, Gc^m48-5o%(D-^:m'^h , o, ^mmm 



[0040] /W!J7AO^n- ^A1^)^A7^ N -t^ft. gE^J#-^-19^ib25<£>:^S@E^J 
/^fy7B©7"n-^Bl^bB5^\ ^tl^tl, IE^J#-^26^^30O^S 

^^45(D^^IE^iJ^*9, /^^UTFcD^n— yFl^)^F3^ N ^fi^fi^ IB?ll#^- 

#-^49^^53(D^*IE^J-e*>«9, /^ry7H©yn- :/Hl^H4^ ^tt^tv, 
@E^J#-^54^)^57(D^IE^J-efc«9, ^^yTKD^n— ;/ll^I5^ -^tvejx 
, gE^J#-^58^ib62<D^SIE^lJ-e£> t 9, ^^yTJ<D:/ti— :/jl^£>J6^ ^tL^ 
*U IB?lJ#^63^ib68<D:^SBE^J-e& ( 9, /WTKO^p- :/Kl^kK6^ ^ 
ifx^tU IE^J#^69^^74(D^S@E?iJ-e$>f9, /^r!J7L(D^n- ^L1^^L5^ 
, ^tb^tk @E?iJ#^-75^^79(D^IE^J-t?fc<9, /^TP7M©7n-7'MW^ 
M7^, -tjv^fru BE?iJ#^-80^^86(D^SgE^J-efef9, /^^r!J7N(D7 P n — :/N 
l^ibN5/^ -^ti^^U @B^iJ#^87;5^91(D:^IE^J-^fc<9, /Wy70©yn- 
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:/Pia>e>P3tfS, ^rtl^Ptl/. ga^J#-^97^^990^SE^J-e$>«9, ^WyTQ 
(D^n— ^Qld^Q6^, -^ti^etu @B^J#^100^kl05<D:^@a^J-e&9> ^ 
■^yTRtf^n— :/Rlj&>£>R10tf5, ^tl^tl. BE^J##106a>£>115©ittBa#|-C 

[0041] 2. DNA^^nTW^MiDNAyn-^^tlttOM 

#CfcU BiffEgyffiSCODNA^n— Affymetrix 417 Arrayer (Affymetrix^tM) K 
£9, Takara Hubble Slide (Takaraf±M) tCfr^A^y^hU DNAv^oTW?: 

fEKUt, -tux, ^-y^h^tfrtBAd^Ro/^^yTd^^tb^iBMb, *:<d* 

— ^2/b^filfEDNA^-r^nTW^^^y^VXi-§r^l:\ DNA7 9 n-7'©#M 
[0042] ffrfEi^ — ?VH3\ t&IB^^^^yr^ITS^^PCR&^iitSL-CH^L^o IfrlEP 

cRtc*3v vr, ir^^-r^-^b-cga^j#-^i i6<DMMmmfrbtez>$mw&'9 
mistDmmmmfrbtezcysmm^^—^muto pcr<^j£^#^ m 

[0043] 9— yyl*£&5fltriEPCR(Dlf#gjg<&£\ Autoseq G-50 (^r/^^T^fJS) Srffl 
VvCJ&iftU SpeedVac(Savant1±J!i)SrfflV^!R§lie*SIU *^S^5XSSC, 0. 

, 94°C-e3^^^V/VL-C^^<^2^^7K^Lf'^, IfffEDNAW^nTWllC 

mfeistbtz.s^zfw^—^Bi/^i'^- ft K'j??£< thmmmm^t^ mm 

DNA^^PTW^, 0.2XSSC, 0.2%SDS-C5#KU 0.2XSSC-C5#IKU ^ 

0.05 X SSC^#ffii5fc#U l,800rpmWtr^K9-YUfeo *&£<£>8y^J3\ 
Scanarry version 5 3r>ovW— v^-^iSD "CX^ ^LTff ofc Q 
[0044] -t©3Bf^Sr*i:«)^:t><OSriai^*t"o Elite. J^fc^$*b;fcl85Sig©tJfBA~ 
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^UWLf^^9^^t^77-efc5 0 iRHSlCfcVvC, gm*)<DM&*K zoom 

[0045] (^^(D^^^'M^l) 

FastPrep bead-beater and soil DNA extraction kit(Q Biogenetic) £rffl V \ 
KitCfibt, DNASrttttiUfco tfffEDNA<D*&l/il*\ #tlSir^X^-T^— 
27F (ia^lJ#-^-l 16) ^Cy3tlf^T^ir^X^-r-^— 132R (IE^lJ#-^l 1 7) Xte 
341R(@B^J#-^118) ^^ti>50 ,u 1(0 standard Amplitaq Gold PCR U^W.{T^ 
7^s<4^^^#M) t-»JLfc 0 PCR^W^^h^-zM^fToTc 

PCRif i|i8S^£r Autoseq G-50 (:7x/W^T*±M) ^fflV^TJMU SpeedVac( 
Savant^) £fflV>T^3 1 ffc^U^ ^Mb/cBulBPCRit*I0^^, ti^IS^s 
XSSC, 0.2%SDS, 50%^/^AT5K-t?$)§^^5/^T^-^-^fi?$^:^ 
, 94 0 C-e3^^#V/VbT^>^<^2^^7R^bfc#, ^Jg^llT*^LfcDNA^ 
^^tiTW_h{-TX^b^ 0 ^^MrfE^^nTWii^^i^ 42°C 

fBDNAv^^nTW^^ 0.2XSSC, 0.2%SDS-e5^^, 0.2 X SSC-e5^P^ ^ 
LT, 0.05 X SSC-e^#P^gfc#>-U 1.800rpmWfcVK5M'L7c o l^^ate^, D 
^P7W 4: Scanarry version 5 dr^^/W— ;^-S>4±$£) -e^^rt^ 

[0046] fijfBDNA^^^nTW^dr^>-bfcl5^:(Z)— ^^g|2^^i- 0 02A^ *dMr 

Bl2Btt, ^*^Lfc^(DX77^i-o El2^^i-^*5«9, ^ 
Tl)7M (Dehalobacter restrictus DSM 945) QXfxi— y"l^M'f'^)^M^^4y' ] )^4 

^m^titc 0 vtox, mmnn<v±Miz.fe, pcE^dsDCE^^-r^igTa^ 
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[0047] m%mm<n*kVom&mM2) 

[0048] ^(Djjg^O— §PSria3^t"o ^t^-^U H3P>te, feMIt 

L.f^^kfD^^BiTo M3lZ.^iTb$5V), s^TVTJ (Clostridium formicoaceticum 
ATCC 27076) ©^P-^imt5t|/^^^'FVX^t[i]^fc 0 tot, Mf 
|Ef£|Sf <D ±a , PCE^TCE KftffrfZmt) «^-e#fc (®5B#flg) 0 



[0049] (^^^^^^^)^'»J^3) 

[0050] ^<D^^m4Kmir 0 mifc^irbteV, s*?tvta^ j n nrW(D—^<d 

/V^^^$^fc 0 Lfc^oT, BijfB^^I-^^, PCE^cisDCE^^^-T^tg^^^ 
PCE/cisDCEO^fclf ^ — $CtZ> rt^-e&ofc 0 

[0052] gS?lJ#^-116 PCRjUr^^-f^— 27F 

IS?iJ#^-117 PCFjlT^i?^:/^-^— 132R 
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E#l##118 PCRfflT^-fe^^ 0 ^^— 341R 
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m^mm 

[1] ^h^un^vi" (PCE) RXfihy?mx.<?U>' (TCE) <D'J>t£< kt>—&<D&m 

^m^fcitufa^^yT^iif^ 

K^ffiMW^Mie^j^^^^^y^^w^K^hy^^^h^^#^vN^^y^v 
x-r^^y^v^Ko 

vt(Dmm^90%^±.x^m^^"f-v o 

(4) tfjfB(i)— (3) <d\ ^ti^(D^v^^^vtmw^mmmm^b^^v^ 

ArT^nj^y/KA ^r;V^-^f±-j^r7ly^ ( Dehalospirillum multivorans) 
B-.T^S^^W^TWJ* ( Desulfltobacterium frannieri ) 

C:T?<?S'V( J £#UX Sm-KnK^^ sp. Sm-1) ( Actinomvcetales Sm-1 
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( Rhodococcus sp. Sm-1)) 
D:oK3y^ Ph'ay^T. ( Rhodococcus rhodococcus) 
E:3M^K'-W— 77/^ ( Xanthobacter flayus) 
Fi^M^^^y^A Ll (Mycobacterium LI) 

Desulfomicrobium norvegicum ( Desulfovibrio baculatus) ) 

Hr^^K^h/^^yr^ y^/Np^-f-y^ ( Desulfitobacterium dehalogenans ) 
Ir^^/K^h/^ryr^ -/N^^rc^x^, (Desulfitobacterium hafhiense) 
jr^n^hy^^ 7±M37tf^?A ( Clostridium formicoaceticum) 
K:f^7o/t^ ^ppxf^^ ( Desulfuromonas chloroethenica ) 
L'.T-tW^TWJ* *7v*T-( DSM 1030( Acetobacterium woodii DSM 1030) 
M.-.'T'^xis^Z— U^hWfX. ( Dehalobacter restrictus ) 
N : T^7^{ K^^^y !7-£> sp. PCE1 ( Desulfitobacterium sd. strain PCE1) 
Ot^^/VC^fh^^y^ ^^t°^y TCE1 (Desulfitobacterium frappieri TCE1 
) 

P-.mW^PTV&J* *7-y*?4 DSM 2396 (Acetobacterium woodii DSM 2396) 
Q:^f^Vy^^;V DCB-1 ( Desulfomonile tiediei DCB-1) 

Rif'/Nnnj/n^ff^ Ji-jy (Dehalococcoides ethenoeenes 195) 

[2] m^m Kmm.<Dt£mm\±mfejjmx*fo^x, 

m^mi Kmrn^mrn'mm^mx^x, 

xh^mm\^.mm^m 0 
M »mi Kmm<D^mmmw^mx^ox, 
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— 25<Dl >i* tb^^cl^f J^^tiffE (i) — (4) >i* ;h,j&*0J#y^W^K^t?DN 

[5] fijJfSi ^tE«(D^^?gwij^fe-efeo-c, 

— 30<DV ^-f tl^C^f J^1-3itfrfB (1) — (4) (DV vf ^^^y^^^^K^r-a-tpDN 
[6] f»^*l ^SE«©^^^IJ^&-efcoT, 

— 35<Dl tbd^J:*f j^-r^BfrfB (1) — (4) <7>V ^T^^^y^^^K^tf DN 

— 40(^v ^TfofafcttJ&1r%m^ (l) — (4) <e>v vf ^^^y^^J-^K^-frDN 
A^n-^fc^^tt^J^i&o 
[8] M5jcJll^lB«^^^?SWlJ^^lfe-efeo-C, 

mlfB^^^yTE^mi-^fc^^DNA^n— :/j&S % IE?IJ#^5,K:DWJ#^-41 
— 45<Dl ^^t-*f J^-r^itfrfE (1) — (4) (D\ >i* ^^^y^^lx^K^tPDN 

[9] »Ml ^IE«(D^^WJ^&-efcoT, 

filfB^^^^yTF^mi-^f'^^DNA^n— IB^J#-^6^tJ^WJ#^-46 
— 48(D\ ^-ftifrlz.MfoirZ>mU(l) — (4) <DV vf tb^^^y^^W^K^ti'DN 

[io] ft^Jii ^fBic^^^WJ^m-efcor, 

Bi|fB^^^yTG^mi-^fc^<Z)DNA7 0 ci— ia^lJ#-^7^t^WlJ#-^-49 
— 53cov ^tifrlz.MJfcirZ>mtZ(i) — (4) <z>i ^^^^y^^^K^-frDN 

[11] ff^iIl^fB«c(D«^WlJ^^i-efeoT, 

BiffB/^^yTH^mi-^'^^DNA^n— ia^ij#^-8,&uwij#^-54 
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— 57<Dl >i* tb^^cl^f J^TSffffB (i) — (4) >i* ;h,j&*0J#y^W^K^t?DN 

[12] fijJfSi ^tE«(D^^?gwij^fe-efeo-c, 

— 62<DV ^-f il^C^f J^TSitufB (1) — (4) <DV vf ^^^y^^^^K^r-a-tpDN 

[13] fflfsfc^l ^|E«©^^^IJ^&-efcoT, 

— 68(DV tbd^J:*f j£T5fiffB (1) — (4) <7>V ^TH^^y^ W^K^tPDN 

[14] ffifcfcSl l-IE«(D^^»J^fe-efcoT, 

IfflE^^^yTK^ffi-r^fc^ODNA^n— @B^(J#-^l l&OWJ#-5§-6 
9— 74<DV jh/a»fc*frj£T5t&fB (1) — (4) <DV ^Ttv^^^y^^^^K^tf D 

[15] ft^Jll ^fEic^^^WJ^^-efcoT, 

fijfB^^yTL^ffiTSfcfecDDNA^n— :/j&S % IE?lJ#^12&t>WlJ#^-7 
5— 79<Dl ^T^^-^T^filfB (1) — (4) <Dl ^T^^^y^^^K^tf D 

[16] »Ml ^IE«(D^^WJ^&-efcoT, 

fi|fB^^yTM^ftT5fci6<DDNA^n— ^>S N |a^lJ#^-13^I^IB?IJ#-^8 

o— 86(D\ ^tifrlcM J^TSittffB (l) — (4) <dv ^Ttb^^^y^u^K^tpD 

[17] mMmiKmm^^m^m^m^h^x, 

7— 9 1(D\ ^T^^J^TSfilfB (1) — (4) (D\ ^~rtifr<D?$Vy?^^$:^t? D 
[18] »Ml fciEg^£^t£#J)£#^&oT , 

BfrfB/^^yro^mT^f'^^DNA^n— ie?ij#^-i5,&owj#^-9 
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2— 96(DV ^Ttlfrfottffc't'ZfflE. (1) — (4) <DV ^-?tlfr<Dtf})5t?]s$"3 L }?$r£-&T> 
7— 99<DV ^T*UW^J&i~5flflfB (1) — (4) <D\ ^-fflfr<D#])%?U3r?-Y%^t2T) 
00— 105OV ^Jh/fl»fc*|-J£**"5fffiB (1) — (4) <DV ^tt^^^y^^W^K^ 

mifBA, G^itFM(D/>^<i:tiffi(D/^^yT^tii$tLfc#-^^, mmmm>K 

PCE^^S^^nnxfuy (cisDCE) ^^-r§fg^/^-r^^lJ^i-§»^ 

mZK<Ds<?TVTtimm£frlfc.M&^ ffrfBStifl^ PCE.&OTCE£DCE^ 
Mtm<Ds<?TVTfimW>&tltim^, filfBgt^/^ PCE, TCE, DCE&^tf 
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[26] m^mi \zLwm(D^m^m^mvibox, 

time, D&xFE<D&te<thim<D^?TVTtimm£thtcM&K. mmnm^, d 

[27] ff^JSi^is«o^^)^Wij^fe-efeo-c, 

[29] pce,&otce<^/k fttcmm<D; w 

[30] t»^iii^taic(D^W£^ 

o 

[31] ffffBDNA^u-:/^ ^/K^2o^l^^, '>/K^2«SU^iicDi!iffB^^ 

1) — (4) COV ^Tt^^^CO^y^^W^'^K^r'^'tf DNA^n—^ 

fcDNA^^nTWo 
[33] ffifBDNA^n-^^, '>&<^b2o£l_h@^£tu />^<^2S^_h(Dtfi|B 
/^^yT^^|0#^^m'e^§f*^l32^fE<c(DDNA-^^t2TWo 
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[34] m^ii^mM(D^m\mi^mKm^^mm^^vT^mmir^tcib<D^r 

vhX&oX, ft^il32^|B«(DDNA^-r^nTWi:, fijfBDNA^n— 
[37] M ^|B^O^^^J^«felC*3it5^<D3&^^tB^^ffiV 



[38] m&mi ^m<D^m^^m^mnm^DNA^u^x-h^x, 

ga^J#^-l^tJ?ffi^J#^19— 25CDV ^i"tbd^^JSi*SttrlE (1) — (4) <di 
O^y^^l/^K^tftflfB/^^yTA^m-rSfc^ODNA^n— ^ 0 

[39] m^m \zmm<D&tofe&w%:jjmz.&m «rt ^DNA^-mot, 

ia^lJ#-^2^U?E^J#-^26-3O0DV ^^^J&i-SfufE (D - (4) <DV ^ 
(D^y^^l/^K^tPBUfB^^^yTB^mi-§/-^»DNA^°ci— ^ 0 
[40] ff 5£ljCl ^fE*<D»?g«IJ^fe^ffl BTf^^DNA^ci-^-efeo-C, 
@E^iJ#-^3^:t>lB^J#^-31-35(DV ^T^^J^-TSltiffB (1) - (4) (Dl 
(D^y^^U^K^tpti)sB^^^yTC^mi-5^:^^)DNA7 0 n-^ 0 

[41] m^mi Kmm^mmm\\^m^m^m^uNA-^ti--y^h^x, 
n&m^r4Rxfm?m^-36—40(D\, ^n$^Mfci-%mm (D - (4) 01 
(D^y^^i/^K^tPifrfB^^^yTD^m-r^fc^oDNA7°n-^ 0 

[42] ft ^ill fciBg^^^t^J^SfcKteffl Brtg^DNA7 0 n-^-e^oT, 
@S?IJ#^-5S.t^WJ#^-41— 45(DV >-f tLd^C>?fJ^i-§tf)fB (1) — (4) <Dl 
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IS^J#-^-6^Lt^WJ#-^46-48(DV ^fl^KM^i-^mm (D - (4) (D\ ^flfr 

[44] m^mi Kmm(D±^m\\^m^m^m^r>NA^vi--y^h^x, 

IS^J#-^-7^tffia^lJ#-^49-53(DV ^tlfi^ttJfc-rZ)Mm(l) - (4) <Dl vf tii>* 
(D7^V^^^^t^mm^^VTG^mir^±bb(DUNAy 0 u--y\ 
[45] f!N&®l ^lE^CD^^^IJ^^^^ *SmtenNA7°Vi<- ^tfcot, 

IS?IJ#^-8^^gH?IJ#^-54-57(DV >T^^-*f^i-§ti)fE (1) - (4) <D\ ^frifr 

(Dm^u^^^nmm^TVru^t^ir^f^(DUNAy 0 u—y\ 

[46] m^mi Kmmco^mmm\i^mK^m^m^i)i<iAy°u^xh<>x, 

ie^lJ#-^9S.t^WJ#^-58— 62(DV vf tL^^J^i-^fiffe (1) — (4) <Dl vf frlfa 

(Dm^u^^^mm^^vri^mir^fz.^(Di)NAy°ti— y\ 
[47] m^jsi Kmm(D±^m\±m^m^$.m^sm^DNAy o vi--y^xh^x, 

[48] f!SN&®l ^fB«c^^^^'M^^^^^ffl Wf&fcDNA:/n— :/-C&oT , 

E^J#^1 1&T*BB#I#-J§-69~74<DV >i* n^KMJ^ir^mm (1) ^ (4) (DV >T 

[49] ff ^fE^^^tt^^^Jl BTfg^DNA^n— ^tfcot, 

Ba^J#^-l 2&tJWJ#^-75-79<DV ^tbJO^C^iS-rSlfrlB ( 1) - (4) <D\ vf ft 
^^(D^y^^W^K^tftfflB^^^yTL^m-r^fcfe^DNA^n— :/ 0 

[50] Kfcjfcgl fcfB#©£4M^£Jfefrfefc^ BTfg^DNA^n-^-efeo-C. 

E^J#-^-l 3^t^WlJ#-^80-86<Z)V vf tLd^C^MS-TS ftflB ( 1) — (4) <DX >Tft 
^^^y^^l/^K^tftulE^^^yTM^Wi-^/c^^DNA^n— y\ 

[51] W^lIl^fatt(D^^^WlJ^^^^^fflBrtg^DNA7 0 n-^-CfeoT, 

gS^J#^14^WJ#^87-91(DV^^^^^i-§ti)?S (1) - (4) CDV>-fft 
^^(D^y^^^^K^tPtflfE^^^yTN^Hi-t-SfcfecDDNA^ti— ^ Q 
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[52] m^mi \z$BM<D±mmmQM&mzW8^i^DNAzfv~'7'T*$><DX* 

[54] ft^clll ^fS^O^^^IJ^^fe^^ Bji^DNA/n-^^oT, 

IS?iJ#^-i7^t>WJ#^-ioo— 105<dv ^irti^KM^-f-^mm (D — (4) <d^T 
[55] f»^i(ciEife<D^^^j^fetcfefts*«^^^^ii5*^^^y 

(1) — (4) cd\ vf ^^y^i/^Ko 

(D@a^ij#^-i— 17^1^19— l05(Z)v^-r^^^SBa^J^^^^y^l/^K 

o 

(2) tf)fE(i)(D^y^i/^KomsBa^j»i^i^^mii^^ N ^ N ©mtib 

< ^#ip$tt^*ia^j^^^§^y^^^^K-e*>o-c, tfrfBCi) <D/Ky^i^t-^ 
K^MW&ifeKgE^j^&^y^^ 

(3) tfrfB(i)(D^y^^^Ko^sia^j^ijiad^w^s^ > m^hi^ 

< «#^p$^ifc^sga^j^^^§^y^^v^K-e$>oT, tfjSB(i) (d^j^u^ 

(4) ttfiE (i) - (3) <di ^^^^^y^^^^K^ffiMW^«?|J^^^^y^ 
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[HI4] 

A Zfu— ~J (Dehalospirillium multivorans) M -Ju—~J (Dehalobacter restrictus) 



1234567 1234567 




B Zfu— -J (Desulfitobacterium frappieri ) N (Desulfitobacterium PCE1 ) 



12345 12345 




I Zfn—Z? (Desulfitobacterium hafniense) O ~Ju— ~J (Desulfitobacterium frappieri TCE1 ) 
1 2345 12345 




J — ~J (Clostridium formicoaceticum) 
12 3 4 
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CH2 



CCI 2 = CCI 2 CCI 2 = CHCI -+> CHCI = CHCI ■> CH 2 = CHCI ^ X ~ r> 
(PCE) (TCE) (cisXDCE) (VC) -^{bro* 



[H5B] 





PflF — * THF — » DPF — > VP — > pthpnp 
r ul i w l_ ^ l> o l. ^ vo * ecnenc 






LSCZ O U 1 1 1 L L, LJO t_< L C 1 I Li 1 1 I IfafJfJtCft LJ 




D&sulfitobacterium hafniense I 


L/vi7Ui//ll/l/CIC/L&f iUfrf C/CV faflSffCf /at I O II 


Df* t ziil'fifnhiZ9f*tt*i , 'iiim <rr> strain PdF~t A/ 


' ■■■ ........... .,™ 


Desuffitobacterium frapp/en TCE1 O 


■"• ••••••••••••••••••'-••••'••••> • - 


Desulfomonile tiedjei DCB-1 Q 






Desuffuromonas chloroethenica K 


PCE TCE-^ DCE 






Acetobacterium woodii L 


PCE TCE 


Acetobacterium woodii P 








Clostridium formic oaceticum J 


PCE TCE 






Dehalobac ter re stric tus M 


PCE cisDCE 






Dehalospirillum multivorans A 


PCE -* cisDCE 






Desulfomicrobium norvegicum G 


PCE -* cisDCE 






Rhodococcus sp. Sm~1 C 


DEC, VC C02 


Rhodococcus rhodococcus D 






Xanthobacter flavus E 


DCE, VC C02 






Mycobacterium L1 F 


VC — CQ2 
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